Background: Adenosine deaminase (ADA) is an enzyme involved in purine metabolism and it is a marker of nonspecific T-cell activation. Few studies have shown high levels of ADA in the epidermis and sera of psoriatic patients. Other inflammatory markers such as high-sensitive C-reactive protein (hsCRP), erythrocyte sedimentation rate (ESR), and serum uric acid (SUA) have shown correlations with psoriasis area severity index (PASI) score. The correlation between ADA and PASI score is still a matter of debate. Aims: The aim of this study was to evaluate serum ADA, hsCRP, SUA, and ESR in psoriatic patients and their correlation with PASI score. Patients and Methods: This study included 60 psoriatic patients divided according to PASI score into three groups (mild, moderate, and severe) each containing 20 patients. PASI score <10 was defined as mild, (10-20) moderate, and >20 severe. Twenty healthy subjects of matched age and sex were included as control. Serum ADA, hsCRP, SUA, and ESR were evaluated for patients and controls. Correlations of ADA, hsCRP, SUA, and ESR with PASI scores were done. Results: While ADA, hsCRP, SUA, and ESR showed a significant increase in psoriatic patients compared with that of the controls (P<001), they showed no significant difference between different psoriatic groups (P>0.05) and no correlations with PASI score (P>0.05). The frequency of joint affection increased with increasing severity of psoriasis (5%, 10%, and 25% in mild, moderate, and severe psoriasis, respectively). Conclusion: Serum ADA, hsCRP, SUA, and ESR showed higher levels among psoriatic patients than in controls. The increased ADA in psoriatic patients supports the role of T-cell activation and proliferative disorder in the pathogenesis of psoriasis. No significant correlations were found between these biomarkers and PASI score. Further studies are needed to validate these biomarkers as diagnostic and prognostic factors in psoriasis. 
Introduction
Psoriasis is a chronic inflammatory autoimmune disease characterized by hyperproliferation of keratinocytes with multifactorial pathogenesis including genetic, and environmental factors. [1] Adenosine deaminase (ADA) is an enzyme involved in purine metabolism and is essential for the breakdown of adenosine from food and the turnover of nucleic acids in tissues. It is considered as a marker of nonspecific T-cell activation. [2] The epidermis of psoriatic patients showed high levels of ADA which correlated with the hyperproliferative states of the keratinocytes with pronounced DNA synthesis. [3, 4] In addition, plasma ADA activity was higher in psoriatic patients compared to controls and decreased after treatment with propylthiouracil (PTU), PUVA, or cyclosporine. [5, 6] C-reactive protein (CRP) is an important laboratory parameter for tissue damage, infection, and inflammation. High-sensitive CRP (hsCRP) can detect lower levels of CRP than the standard CRP measurement. [7] Increased hsCRP is found in many skin diseases including allergic contact dermatitis, mycosis fungoides, hidradenitis suppurativa, and psoriasis. [8] [9] [10] [11] [12] Increased CRP in psoriatic patients was correlated with active arthritis, psoriasis area severity index (PASI) score, and with an increased incidence of cardiovascular diseases. [13] Patients with increased hsCRP levels were found to have a better response to cyclosporine therapy. [14] CRP in patients with psoriasis was found to be decreased after treatment with phototherapy either alone or in combination with coal tar, photochemotherapy, and tumor necrosis factor-α inhibitors. [15, 16] Several studies have found correlation between serum uric acid (SUA) level, and the severity of psoriasis and increased risk of cardiovascular mortality. [17, 18] Erythrocyte sedimentation rate (ESR) increases with the severity of psoriasis pointing out the chronic inflammatory nature. It was found as a strong predictor for the presence of psoriatic arthritis (PsA). [19] However, others showed variable ESR between psoriatics with and without subclinical arthritis. [20] The aim of this study was to evaluate serum ADA, hsCRP, SUA, and ESR in psoriatic patients and their correlations with PASI score.
Patients and Methods
This case-control study included 60 psoriatic patients divided according to PASI scores [21] into three groups (mild, moderate, and severe) each containing 20 patients. PASI score <10 defined psoriasis as mild, between 10 and 20 as moderate, and >20 as severe. [22] About 20 healthy subjects of matched age and sex were included as a control group. All the study populations were recruited from the Outpatient Clinic of Dermatology, Andrology and STDs Department, Mansoura University Hospital, Mansoura, Egypt. The Research Ethics Committee for experimental and clinical studies at Faculty of Medicine, Mansoura University, Mansoura, Egypt, approved the study. All participants signed an informed consent before being included in the study.
The selected psoriatic patients should not have history of systemic or topical steroid medication, methotrexate, biologics, or phototherapy treatment for at least 2 months before inclusion. The exclusion criteria included erythrodermic and pustular psoriasis, history of medical disorders that might affect the serum levels of ADA, CRP, such as lymphoid malignancies, infectious and noninfectious systemic diseases with chronic T-cell activation such as pulmonary and pleural tuberculosis, sarcoidosis, typhoid fever, and cutaneous anthrax. In addition, patients with connective tissue diseases, including progressive systemic sclerosis, morphea, dermatomyositis, and lupus erythematosus, were also excluded from the study.
All participants were subjected to history taking including age, special habits, drug history, and history of medical diseases with stress on age, duration, and joint affection.
A volume of 8 ml venous blood sample was withdrawn from every participant. One milliliter added to tube containing K2EDTA for complete blood count (CBC) and 1.6 ml blood was added to sodium citrated tube for ESR determination. The rest of the blood sample was allowed to clot for 15 min, centrifuged, and the serum was separated into two aliquots; one used for determination of SUA, and the other was stored at −20°C for assay of both ADA and hsCRP.
CBC was measured by using CELL-DYN Emerald cell counter, ABBOTT, Germany. ESR was assayed using Westergren method. SUA was assayed by enzymatic colorimetric uricase method using SPINREACT, S. A/S. A. U Ctra. Santa Coloma, 7 E-17176 SANT ESTEVE DE BAS (GI) SPAIN according to the instructions of manufacturing company. The hsCRP was assayed by an enzyme-linked immunosorbent assay BIOS kit (Chemux BioScience, Inc., California, USA).
ADA was assayed through kinetic method using Ben Biochemical Enterprise (BEN) ADA quantitative ultraviolet assay kit, Milano, Italy. The principle of the assay was that ADA catalyzes the hydrolysis of the substrate adenosine with the liberation of ammonia that reacts with α-ketoglutarate and NADPH with means of glutamate dehydrogenase giving NADP. The decrease of absorbance in NADPH is monitored at 340 nm, which is proportional to the concentration of ADA in the sample. [23] The concentration of ADA was calculated using standard included in the kit.
Statistical analysis
Statistical analyzes were carried out using SPSS for Windows, release 20 (SPSS Inc., Chicago, Illinois, USA). Quantitative data were presented as mean ± standard deviation or median and range, and qualitative data were presented as frequency and percentage. Chi-square and Fisher's exact tests were used to determine the relationship between qualitative data. Quantitative data were compared with one-way ANOVA or Mann-Whitney U test. Independent t-test was used for comparing PASI level and laboratory results in groups with and without joint affection. Spearman's correlation was used to assess the correlation of PASI scores and other variables in psoriatic patients. P<0.05 was considered statistically significant.
Results
This study included 60 psoriatic patients classified according to PASI score into mild, moderate, and severe psoriatic group. Each group included 20 patients. Twenty healthy subjects were included as a control group. There were no statistically significant differences of age and sex between different psoriatic groups and the control group. Table 1 shows the demographic data of psoriatic patients and of the control group. ADA, hsCRP, SUA, and ESR showed a significant increase in psoriatic patients as one group compared with the control group [ Table 2 ].
ADA, hsCRP, SUA, and ESR showed a significant increase in each psoriatic group (mild, moderate, and severe) compared with the control group. No significant differences between ADA, hsCRP, SUA, and ESR were found among different psoriatic groups [ Table 3 ]. Furthermore, no significant correlation between PASI score and ADA, hsCRP, SUA, and ESR was found [ Table 4 ].
The frequency of joint affection increased with increasing severity of psoriasis (5%, 10%, and 25% in mild, moderate, and severe psoriasis, respectively) [ Table 5 ].
CBC including hemoglobin (Hb) concentration, hematocrit percentage (HCT %), red blood cell (RBCs) concentration, total white blood cell count (WBCs), platelet count (PL), and mean PL volume (MPV) showed no statistically significant differences between different psoriatic groups and control group [ Table 6 ].
Discussion
Psoriasis is a chronic systemic disease with an immune-inflammatory etiology, affecting approximately 2%-3% of the world's population, and characterized by T-cell-mediated hyperproliferation of keratinocytes. [24] The results of studies evaluating ADA level in psoriatic patients are conflicting. Some studies agreed with us in reporting high ADA in the sera of psoriatic patients than that of the healthy controls. [6, [25] [26] [27] [28] In addition, Tikhonov et al. [3] found double activities of ADA and purine nucleoside phosphorylase (PNP) in the skin of psoriatic patients.
Many studies reported a decrease of serum ADA levels after psoriasis treatment with different modalities including cyclosporine, etanercept, PUVA, and PTU. [5, 27] PTU, such as methotrexate, influences the metabolism of purines, and T lymphocyte functions. Based on these studies, [3, 5] ADA activity was considered as an indicator of the role of purine metabolism and T-cell activation in the pathogenesis of psoriasis. On the contrary, one study found normal ADA activity in psoriatic patients. [29] This could be due to the few number of patients (only 18) and the use of a normal laboratory range instead of a control group in that study. In accordance with our results, Hashemi et al. [25] reported no significant differences of ADA among mild, moderate, and severe psoriatic groups.
Matched with our study, Bukulmez et al. [6] and Yildirum et al. [27] found no correlation between serum ADA and PASI score. In spite of the fact that PASI score is the most widely used measure for assessment of psoriasis, [30] it has a number of limitations including inter-and intra-observer variability. The lack of correlation between PASI score and ADA activity in this study might be due to the subjectivity of PASI score and the relatively small number of patients.
The hsCRP showed a significant increase in psoriatic patients as one group and in each psoriatic group (mild, moderate, and severe) compared with the controls [Tables 2 and 3 , respectively]. This result is in agreement with many studies reporting higher CRP and hsCRP levels in psoriatic patients. They also found a decrease in their levels after treatment with different modalities indicating that hsCRP is a well-established biomarker for inflammation in psoriatic patients. [12, [31] [32] [33] [34] However, in the present study, hsCRP showed no significant correlation with PASI score in contrast to other studies [32, 33] that found a significant positive correlation between hsCRP and PASI score. Some found CRP to increase only in psoriatic arthritis (PsA). [35] The low incidence of patients with joint affection in this study, the differences in age, sex, number of patients, and severity of disease could explain this difference. a cause of increased SUA because it catabolizes adenosine to inosine which is further degraded to uric acid. [37] On the other side, increased SUA was a common finding in psoriatic patients, [36] which significantly decreased after the treatment of psoriasis. [34] In addition, patients with psoriasis and hyperuricemia showed marked improvement in psoriasis when treated for their hyperuricemia. Psoriasis, like gout, may be, at least partly, a result of a disorder of purine metabolism and monosodium urate crystals may be partially responsible for the cell proliferation that is characteristic of psoriatic plaques. [38] Kwon et al. [39] found no significant difference between SUA of psoriatic patients and healthy population and reported a positive correlation of SUA with PASI score. This was in contrast to our results of significant increase of SUA in psoriatic patients without a significant correlation with PASI score. They attributed this result to the lower skin involvement in their patients that might not have been sufficient to induce hyperuricemia. [39] In accordance with our results, many studies reported increased ESR in psoriatic patients than in controls. [40, 41] The decrease of RBCs deformability and plasma levels of globulins and fibrinogen with the decrease of albumin could explain the increased ESR in psoriatic patients. [41, 42] In our study, the frequency of joint affection increased with increasing severity of psoriasis (5%, 10%, and 25% in mild, moderate, and severe psoriasis, respectively), [ Table 5 ]. This result supported other studies showing a higher risk of having arthritis with severe psoriasis. [43] [44] [45] The increased frequency of PsA in severe psoriasis is multifactorial. The larger affected body surface area leads to a higher systemic burden of the inflammatory response and wider port In agreement with our result, the elevation of SUA in psoriasis than in the controls was reported by many researchers [34, 36] and a history of psoriasis was associated with an increased risk of gout with increased SUA. [18] The increased ADA activity in our psoriatic patients could be of entry for the skin flora to interact with the immune system. These changes under the shared susceptibility genes and/or environmental factors eventually result in triggering of PsA. [46] In agreement with our result, Saleh et al. [47] revealed no difference of mean platelet volume (MPV) between psoriasis patients and controls. However, Kim et al. [48] found that MPV to be high in psoriasis than in the control group. They reported a positive correlation between MPV and PASI score with a significant decrease in MPV levels after the treatment of psoriasis. In addition, Bajaj et al. [40] found that Hb content of RBCs in psoriatic patients was approximately 2-3 g/dl less than in controls and negatively correlated with PASI score. They suggested that chronic and continuous loss of iron through scaling, deficient nutrition, and less absorption through gut and bone marrow depression due to chronic inflammatory process might be contributing factors to the occurrence of anemia. The differences between these studies and ours could be due to different patient populations including number, age, sex, race, and severity of the disease.
Conclusion
Serum ADA, hsCRP, SUA, and ESR showed higher levels among psoriatic patients than healthy controls. The increased ADA in psoriatic patients supported the role of T-cell activation in the pathogenesis of psoriasis. No significant correlations were found between these biomarkers and PASI scores. Further studies with large numbers are needed to validate the value of these biomarkers as diagnostic and prognostic factors in psoriasis.
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